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S U M M A R Y  

In t h i s  paper the author demonstrates t h a t  ore anomaliee i n  
overburden may be dis t inguished from non-ore by the d i f fus ion  halo 
of i nd ica to r  elements, If the s e c t o r s  with ore  rad ioac t ive  anomalies 
are character ized by the presence i n  overburden of d i f fus ion  haloes 
of U, Pb, Zn, Co, Mo and A 6 ,  increased  content i n  uranium, and at  t h e e  

i n  lead,  is noted i n  the  non-ore anomaly sec to r s .  Making use of these 

data, the author a r r i v e s  a t  t h e  conclusion, t h a t  under a r i d  c l imat ic  
condi t ions,  t h e  determination of i n d i c a t o r  elements may be u t i l i l t ed  for 
t h e  diagnoeis of ore  and non-ore anomalies. 

8 
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Prac t i ce  i n  geological prospecting ha8 shorn t h a t  i n  the process  
of reserach,  conducted by surface radiometric methods in 
a r i d  climate,  a g r e a t  number of radioact ive anomsliee can be traced above 
uranium orebodies alongside wi th  anomalies i n  poroue overburden. These 
rad ioac t ive  anomalies are not connected with the uranium orebodiee. 

erions d t h  
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fie is  shown by the  data obtained by us, ore anomalies in overburden 
may be dis t inguished from t h e  non-ore by t h e  d i f fus ion  ha lo  of i nd ica to r  
elements above mineralieed ve im.  

Geochemical inves t iga t ions  were conducted i n  a region with elight-  

ly h i l l y  re l ie f  and characterized by a r i d  climate, According t o  data of 
a l o c a l  meteorological s t a t i o n ,  only 200 am of p r e c i p i t a t i o n s  w e r e  recor- 
ded for  the f ive months of the spring-summer season of 1960, with an ave- 
rage temperature of 19 . 3 O  ( N 6 7 O  F) . The greater part of the  s a i d  re- 
gion has an overburden 1.5- 2.0 m thick (at times up t o  10 m) of porous 
formatiom, of which 5 t o  20 cm c o n s t i t u t e  the  60i1, 1.0- 1 . 6 ~ ~ -  the 

deluvium (gray loam and rubble from underlying rocks) and 0.5- 1.0m of 
e l u v i a l  deposit6 (crushed bedrock). 

Uranium ore  manifestations were revealed in t h e  form of carbona- 
ceou6 vein6 containing, as ide  from uranium mineralier, 6ome galena, sphalo- 
r i t e ,  molybdenite, chalcopyrite and, i n  i s o l a t e d  c a ~ e 8 ,  coba l t ,  nickel 
and bismuth minerals. DiffuEion haloes  of uranium, lead, z inc ,  cobal t ,  
nickel and molybdenum are formed around uranium orebodies, t h e i r  width 
b e i n 8  by Eeve ra l  f a c t o r s  g rea t e r  than t h a t  of t h e  orebodies. 

When studying these haloes, deta i led  samplings were made of chan- 
n e l s  c u t ,  uncovering t h e  radioact ive anomalies. Samples were taken every 
1 - 2 m, separa te ly  of the s o i l ,  deluvium, eluvium and bedrock, The weight 

of each sample w a s  of 250- 300 g, and t h e  quartered samples, ground t o  
200 mesh, were processed in a 2 %  soda solut ion.  Then, the wmobilew uranium 
content  w a ~  determined by the  luminescence method. Lead, s i n c ,  cobal t  and 
o t h e r  metale were determined by the f u l l  semiquant i ta t ive s p e c t r a l  analy- 
sir?= The most c h a r a c t e r i s t i c  metal content i n  the given d i v e r s i f i e d  for- 
mation um taken for t he  value of t h e  geochemical background (see Table). 

It w a s  es tab l i shed  tha t  t he  i n d i c a t o r  element6 form d i f fus ion  

ha loes  around uranium-mineralized veins  i n  bedrock ais w e l l  88 i n  the 

overburden. 
t h e  thickness of t h e  ore  veins. The concentration of uranium I n  t h e  over- 
burden is maintained in most of t h e  rad ioac t ive  anomalies t h e  same 116 in 
primsry halo,  or decreases somewhat (see Fig. 1 ) .  In i s o l a t e d  caees the  con- 
c e n t r a t i o n  of uranium in t h e  So i l s  exceeds s i g n i f i c a n t l y  i t s  content i n  
t h e  primery d i f iu s ion  ha lo  and drops t o  the background value i n  deluvium. 

The width of these uranium haloes exceeds by 15-20 time 
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Fig.1. - Dis t r ibu t ion  of chemical 
elements i n  a s e c t o r  w i t h  radio- 

ac t ive  anomalies : 
1 - s o i l ;  2 - deluvium; 3 - eLuvium ; 
4 - granodior i tes :  5 - ore vein ; 
Chemical element content i n  geoche- 

mical backgounds : 
6 - t o  3gb3 7 -  3410 gb; 8 -  
10 4 30 gb; 9 - 30 + 100 gb; - curve for y - a c t i v i t y .  

0.00001 
0.001 
0.01 
0,001 
0.0003 
O e O l  

Fig. 2. - Dis t r ibu t ion  of %obileft U 
and Pb o v e r a s a c t o r  with non-ore 

1 - soil ; 2 - deluvium ; 3 - bedrock; 
Element content in geochem,backgrounds 

+30ba t  - curve for y - a c t i v i t y  

anomalies : 

4 -  t o  3bg; 5 -  3 -  10bg ;  6 -  10+ 

T A B L E  
MAGNITUDE OF EL'EMENTS 'GEOCHEMICAL 

BACKGROUND * 
I . 

E l  e men t 
s e n s i t i v i t y  
of the  meth. 
weight % 

GB 
weight 

% 

0.000018 
0.001 
Trace (0.01) 
0.OCn 
Trace ( 0.0003 
0.01 

The data were obtained from the  
conducting of 260 analyees . 
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Lead, z inc and molybdenum form d i f fus ion  haloe6, whose width I n  

overburden exceeds sugni f icant ly  t h e  thickness  of ore  veins  (Fig. 1). 
In separa te  area8 t h e  width of the  d i f fue ion  haloes of lead i n  deluvium and 
I n  c o i l s  remains inva r i ab le  o r  decreases somewhat. In overburden t h e  d i f -  

fusion haloe8 of coba l t  yield somewhat t o  those of other  elements, There 
t h e  cobal t  content e i ther  remains inva r i ab le  by comparison wl th  the  primary 
ha lo  or increases  somewhat i n  eluvium ( seeF ig .1 ) .  

I n  one of the channels sampled, where as ide  from uranium mineral8 
a s u b s t a n t i a l  amount of epha le r i t e  and galena wacr included, a clear araeni- 
ca l  ha lo  w a s  es tab l i shed  i n  bedrock and overburden. It8 width w w  found t o  
be 8 - 10 times g r e a t e r  than t h a t  of the ore vein. Bowever, i n  the soil 
layer a sharp increase  of t h e  d i f fus ion  ha lo  w 8 6  observed w i t h  decrease In  
a r sen ic  content. 

Therefore,  in s e c t o r s  with ore rad ioac t ive  anomalies In  overburden 
d i f f u s i o n  haloes  of uranium, lead, z inc ,  cobal t  molybdenum and arsenic are 

observed, t h a t  is ,  of those chemical elements t h a t  form d s o  endogenic d i f -  
fusion haloes.  Inasmuch as the c h e d c a l  proper t ies  and the  migration capa- 
b i l i t y  i n  the hypergene zone of these elements i n  a r i d  climatic condi t ione 
a re  very d i s t i n c t ,  t h e  coincidence of t h e i r  haloes  i n  soils, poin t ing  t o  
t h e  absence of s i g n i f i c a n t  loss, allow6 t o  atmume t h a t  they formed mostly 
a6 a rerult  of weathering. 

Over s e c t o r s  of non-ore rad ioac t ive  anomalies, t h e  upper l a y e r s  of 
t he  c r o e ~  sec t ioL . .  of overburden formations ( s o i l ,  deluvim) are character-  
i zed  i n  most of t h e  cases  by increased uranium concentrations (Fig. 1, 2). 
It should be noted t h a t  t h e  maximum content i n  uranium, is aecribed t o  the 

soil l a y e r  and it o f t en  exceeds the uranium content i n  t h e  ore  anomalies. 
Moreover, there b y h e  s e c t o r  of non-ore anomalies an i n s i g n i f i c a n t  amount 
of lead.  The increased lead content i n  t he  s o i l  l a y e r  is sometimes observed 
a lso  i n  non-radioactive anomalies . 

Some of  the  non-ore radioact ive anomalies are i n s i g n i f i c a n t l y  
remote from t h e  orebodies. However, in most case8 no connection of any 
s o r t  I s  observed between t h e m  and t h e  pwimary uranium mineral izat ion.  
Obviously, these non-ore radioact ive anomalies have formed 8.6 a comeauence 
of migration, and t h e  precip3,tation of uranium from ground water. 
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A t  t h e  same time, e i the r  the  uranium-mineralized veins o r  rock8 without 

s i g n i f i c a n t  amounte of uranium could have been the  ~ o u r c e  of uranium. 
Therefore,  i f  the sectors with ore rad ioac t ive  anomalies are c h s  - 

r e c t e r i s e d  by the presence i n  overburden of d i f fus ion  haloes of U, Pb, Zn, 
Co. Mo. AB, only an increased content in uranium and sometimes in l e a d  is 
noted i n  t h e  non-ore anomaly sec tors .  Under arid c l imat ic  conditione t h e  
determination of t he  ind ica to r  elemente of uranium ni inera l i ta t ion  aay be 
u t i l i z e d  for the  diagnosie of the  ore and non-ore anomalies. 
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